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[57] ABSTRACT
A positional measuring laser interferometer splits a laser
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beam into a measuring beam and a correcting beam.
Each of these beams is further split into a measurement
beam and a reference beam. The reference beams travel
along a fixed length path of fixed optical properties.
Each of the measurement beams travels along respec-
tive optical paths in air adjacent each other so that they
travel in air having substantially the same changing
optical properties, such as the fraction index, preferably
with the paths differing in length by a fixed amount
regardless of the movement of the object to be mea-
sured. The reference beam and measurement beam, for
each of the measuring and correcting beams, form an
interference pattern that is detected to produce respec-
tive outputs correlated to positional information of the
object and subjected to positional error due to changing
refraction index of air. These two information signals
are combined, preferably with a reference refraction
index and a reference object position, to obtain a posi-
tional information signal of the object that is indepen-
dent of varying optical characteristics of air. The solid-
/air interface surface for the interferometer, with re-
spect to the measurement beams, is fixed in position
independently of thermal or like expansion of the inter-
ferometer by an adjacent abutment surface spring bi-
ased into a fixed base abutment surface, which abutment
surfaces are generally coplanar with the solid/air inter-
face surface and perpendicular to the path of the mea-
surement beams in air.

18 Claims, 7 Drawing Sheets
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LASER GAUGE INTERFEROMETER AND
LOCATING METHOD USING THE SAME

BACKGROUND OF THE INVENTION

This invention relates to a laser gauge interferometer
which improves accuracy of measurement. This laser
. gauge interferometer can be used, for example, for im-
proving locating accuracy of wafers in a semiconductor
fabrication apparatus. |

In a conventional laser gauge interferometer, the
measurement error of displacement due to the change of
the refractive index of air has been corrected in the
following manner, as described in Japanese Patent Laid-
Open No. 263801/1985. A reference beam as a beam for
correcting the refractive index is disposed in the prox-
imity of a signal beam separately from the signal beam
and a reference beam reflecting mirror and a signal
beam reflecting mirror are disposed in the spaced-apart
relation by substantially the same distance. Since both
beams are affected substantially equally by the change
of the refractive index, the influences can be cancelled
by taking the interference between booth beams and
correction is thus made approximately. However, the
prior art technique does not consider the measurement
error occurring when the object of measurement moves
in a certain large distance and the difference of the
optical path lengths of both beams becomes great.

The prior art technique that has been most widely
employed at present measures the temperature, pres-
sure, humidity, etc., in the proximity of the signal beam
by use of an environmental sensor and calculates the
refractive index of air by numeric formulas to make
numeric correction. However, since the number of
measuring points in the environment is limited, correc-
tion can be made only on the average of the refractive
index at the number of measuring points and is not
complete as the correction covering the laser beam path
as a whole. .

As described above, in accordance with the prior art
technique, correction becomes incomplete when the
object of measurement undergoes displacement and the
difference of the optical path lengths between the refer-
ence beam and the signal beam becomes great because
the degree of influences of the change of the refractive
index of air on both of these beams is different. Accord-
ingly, the measurement error tends to become great. -

SUMMARY

It is therefore an object of the present invention to

provide a laser gauge interferometer which makes com-

plete correction at whichever position the object of the
measurement is situated and in whichever way the re-
fractive index of air is distributed on the beam, and
which can thus reduce the measurement error.

The object described above can be accomplished by

the laser gauge interferometer wherein a beam for cor-

recting the refractive index, its signal processing circuit
and its operational unit that are completely independent
of those of a beam for measuring the displacement of the
object of measurement are disposed, the correction
beam indirectly monitors the change of the refractive
index of air, the components resulting from the change
of the refractive index of air are eliminated from the
results of measurement by both beams and the output
completely free from the influences is calculated and
outputted from the operational unit.
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Among the two laser beam obtained by slitting a laser
beam by beam splitter means, a correcting beam passes
in the proximity of the other measuring beam in air and
measures the displacement of the object of measurement
from a mutually separate aspect. At this time, since the
optical paths of both of these beams are very close to
each other, it is possible to assume that both of them are
affected equally and in accordance with their optical
path lengths by the change of the refractive index of air.
Therefore, the quantity of displacement of the object of
measurement free from the influences of the change of
the refractive index of air can be measured by the calcu-
lation which uses the measurement outputs of both of
these beams.

BRIEF DESCRIPTION OF THE DRAWING

Further objects, features and advantages of the pres-
ent invention will become more clear from the follow-
ing detailed description of an embodiment of the present
invention, shown in the accompanying drawing,

wherein:
FIG. 1(a) is a side elevational view showing a

schematic overall construction of the laser gauge inter-
ferometer in accordance with the present invention;
FIG. 1(b) is a top plan view of the interferometer

 shown in FIG. 1(a);

FIG. 2 is an enlarged view of the interferometer
portion of the apparatus of FIG. 1; |

FIG. 3 is a block diagram showing the construction
of an embodiment of the present invention;

FIG. 4 is a plan view of another embodiment of the
present invention;

FIG. 5 is a combined perspective view of an X-Y
stage locating apparatus and functional block circuitry
employed therewith, with respect to the laser gauge -
interferometer shown in FIG. 4;

FIG. 6 is a perspective view of a portion of the inter-
ferometer apparatus for explaining the method of cali-
brating the laser gauge interferometer in the locating
apparatus shown in the preceding figures; and

FIG. 7 is a top perspective view of a modification of
the present invention. |

DETAILED DESCRIPTION OF A PREFERRED

EMBODIMENT

Hereinafter, a laser gauge interferometer in accor-
dance with one embodiment of the present mvention
will be described with reference to FIGS. 1 and 2. FIG.
1(a) is a side view, FIG. 1(b) is a plan view and FIG. 2
is partial detailed view. First of all, the overall construc-

‘tion will be explained. Reference numeral 1 denotes a

wavelength stabilization laser oscillator for oscillating
linearly polarized light and § is a beam divider consist-
ing of a beam splitter (hereinafter called “B.S”) and a
mirror. The beam divider 5 divides the laser mean from
the laser oscillator into two parallel beams. Reference
numeral 3 denotes an interferometer consisting of a 3
wavelength plates 9, 13, a polarization plate 23 and a
polarized light beam splitter (hereinafter called
“P.B.S.”) 11. It is urged to, and held on, a holder 55 by
springs 56 to 59 using the 1 wavelength plates 9 and 13
as the support surface as shown in FIG. 2. Reference
numeral 53 represents a rod mirror which has reflection
surfaces 36, 39, is fitted onto the object 54 of measure-
ment (e.g. an X-Y stage), has a L-shaped section and 1s
made of a base material having a relatively small linear
expansion coefficient such as quartz. With the interfer-
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ometer used in semiconductor fabrication apparatus, a
wafer 30 is located on the X-Y stage, which 1s the ob-
ject 54 of measurement.

Reference numerals 20 and 21 represent optical path
difference measuring devices for converting photo-
electrically the interference beams from the interferom-
eter 3 and measuring each of their change. Their out-
puts A and B, respectively. Reference numeral 22 repre-
sents an operational or arithmetic unit for processing
these outputs, and its output is an output X.

Next, the operation will be explained. The laser beam
of the linearly polarized light leaves the laser oscillator
1 stabilizing the wavelength and has a polarization plane
in a direction at 45° to the surface of the sheet of draw-
ing of FIG. 1(a). The beam is divided into two mutually
parallel beams by the beam divider § and these beams
are incident to the positions with marks & of P.B.S.
11. The beam incident to the upper half side of P.B.S. 11
and the beam incident to the lower half side of P.B.S. 11
are used for measuring the quantity of displacement of
the rod mirror 53 placed on the object 54 of measure-
ment, respectively, but since the reflecting positions are
different on the reflection surfaces 36 and 39, the optical
path length of the later-appearing signal beam is always
different by the difference of the step 1, of the mirror.

First, the beam incident into the upper half side of
P.B.S. 11 is a measuring beam and is split into two
beams by the polarization component on the split sur-
face of P.B.S. 11. The linearly polarized beam having
the polarization surface in a direction parallel to the
incidence surface reaches the 3 wavelength plate 13
through the split surface, is then reflected by a reflec-
tion film 12 disposed on the back of the { wavelength
plate 13 and returns again to P.B.S. 11. Since the polar-
ization surface of the beam that has thus reciprocated
through the } wavelength plate 13 is rotated by 90°, the

beam is reflected at this time by the split surface of

P.B.S. 11 and reaches the polarization plate 23. This
beam will be referred to as a “reference beam” (repre-
sented by I; and dashed arrows in FIG. 2) of the mea-
suring beam. On the other hand, the linear polarization
component which has first the polarization plane in a
direction perpendicular to the incident surface is re-
flected on the split plane, passes through the } wave-
length plate 9, is reflected by the reflection surface of
the mirror 53 placed on the object of measurement,
passes again through the } wavelength plate 9 and re-
turns to P.B.S. 11. This beam that has once reciprocated
through the 1 wavelength plate 9 has the polarization
plane which is rotated by 90°. Therefore, it passes
through the split plane of P.B.S. 11 this time and
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reaches the polarization plate 23. This beam will be

_referred to as a “‘signal beam” shown with full line
arrows in FIG. 2, (represented by I;) of the measuring
beam. Since the axis of transmission of the polarization
plate 23 is positioned at 45° to the surface of the sheet of
drawing, the common polarization components of both
beams I; and I, cause mutual interference. When the
object of measurement 54 undergoes displacement and
the distance between the interferometer 3 and the rod
mirror 53 changes, brightness of the interference beam
changes. Accordingly, the optical path measuring de-
vice 20 obtains the change of the difference of the opti-
cal path lengths from this change as the output A.
Next, the beam incident to the lower half of P.B.S. 11
is the correcting beam or beam for correction. In the
same way as described above, it 1s divided into the
signal beam ( the signal beam of the correcting beam,
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which is represented by I3) and the reference beam (the
reference beam of the correcting beam, which is repre-
sented by I4) and the displacement of the rod mirror 53
is measured by their interference. Since the behaviour
of each beam is exactly the same as that of the measur-
ing beam except that the reflecting position of the signal
beam changes to the reflection surface 36 and the length
of the signal beam is always different by the difference
of the step of the mirror, i.e. I, in comparison with the
above-mentioned case, the detailed description will be
hereby omitted. The interference beam by this beam 1is
converted to the change of the difference of the optical
path lengths in the optical path difference measuring
device 20 and is obtained as the output B.

Next, the outputs A and B will be explained. It will be
hereby assumed that the distance between the reflection
surface 36 and the i wavelength plate 9 at the origin of
measurement (at the time of reset) or in other words,
when the displacement x of the object 34 of measure-
ment is 1j, and it is further assumed that the step differ-
ence between the reflection surface 36 and 39 1s 1> and
the refractive index of air is uniform and is n in the
regions of 11 and 1. It will be further assumed that the
object 54 of measurement undergoes displacement by x
from this state and the refractive index of air changes
uniformly by An on the entire optical path in the interim
to (n+ An). Then, the outputs A and B of the optical
path difference measuring devices are given by the
following equations (1) and (2):

A=(N1+x)(n+An)—I1n

®

=x n4(l1+x)An

B=(l{+ b+ xn+An)—(l1 +)n

@

=x n+{l{+{2-+x)An

Here, when the difference (2) —(1) 1s calculated,
B—A=54An,

An=(B—-a)h

When this is put into equation (1) to obtain x,
B — A —
. ( M) — hA @
hn + B — A4

Therefore, if the values 13, 15, n at the time of reset are
inputted to the operational unit 22 as the initial values,
the equation (3) is calculated by applying the outputs A
and B of the optical path difference measuring devices
20 and 21 to the operational unit 22, whenever neces-
sary, and its solution x 1s outputted as the output X,
whenever necessary, the ouiput X becomes the result of
measurement of the stable displacement which i1s not
affected by the change of refractive index of air, i.e., An,
or in other words, by the influence of fluctuation of air.

Now, accuracy required for li, I, n at the time of
reset that are used as the initial values will be examined.

First of all, if 1; has an error 6l;, the measurement
error arising from this error i1s given as follows:
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S _ B A8l —bA (B b~ b
* = ln + B — A4 ~ " hn + B - 4
oly(B — A)

lhrn + B— A

Assuming that N> > (B—A)=I1,4n and the temper-
ature changes by 1° C. on the optical path which1s 1 m
long by go-and-return, then An changes by about 10—9.

Therefore, if An~10—¢,
8x~ 11 An/h6l

~10—0 §/

Therefore, in order to measure the measurement value x
with an error 1 nm,

10756/, <107°

=~ 8l <10~ 3 (m)

Accordingly, 1} may be measured with accuracy of 1

mm.
Next, if 1> has an error 0l;, the measurement error

resulting from this error is given as follows:

(B — Al — (i + 6hh)A (B — Al — hA

o0x = (b + 0hn + B — A4 lhon + B — 4
—8hA(bhn + B — A) — dbn{(B — A — hA}
= (hn + B — A
—8hH(B — A
-~ _""';;i'_
h
= — = An.8h

-4

Here, if 1;/1> < 10 and An < 10—9, the following condi-
tion must be satisfied in order to keep the measurement
error 0x below 1 nm.

~10x10—% 8L <102

.8 <10—% (m)

Therefore, the step I> of the rod mirror may be pro-

duced by machining accuracy of 0.1 mm.
Finally, if n has an error 0n, the measurement error

resulting from this error is as follows:

5 (B — Ay — hA (B - Al — bhA
X = hn+on+B—-A ~ hn+ B-—A
—hon{(B — Ay — hA}
N (hn + B — A
hAd — L(B — A4
A NB A o e

!

)

In order to have the measurement error 6x below 1
nm, accuracy as high as 10—8~ 10—7 is required for the
initial value n. As can be understood from the fact that
equation (3) can be approximately expressed as

x=A/n,

the error of n directly affects the measurement value
because the measurement value x is substantially in
inverse proportion to the refractive index n. In other
words, if there is any error for the initial value n, the
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scale of the gauge interferometer comes to possess an
error and absolute accuracy is not guaranteed. How-
ever, repetition accuracy is insured for repeated locat-
ing operations used for locating an X-Y stage which is
the most ordinary embodiment and will be described
later.

If the errors of 1) and 1, are greater than 10—3 ~10—4
described above, absolute accuracy drops in proportion
to the degree of the errors but repetition accuracy is
insured in the same way as in the case of the error of n.

However, if the interferometer is not held on the
holder 55 using the outgoing end surface of the signal
beam as at least one support surface as shown in FIG. 2,
the optical element constituting the interferometer un-
dergoes thermal expansion or contraction an the optical
length of the signal beam I (the product of the physical
length by the refractive index of the medium) changes
and the temperature drift of the output occurs. There-
fore, a careful attention must be paid.

Though the predetermined optical path length I is
provided between the signal beam of the measuring
beam and the signal beam of the correcting beam by the
difference of the positions of the mirror 36 and 39 (the
step of the rod mirror 53) as described above, the posi-
tion of the interferometer of the measuring beam and
that of the interferometer of the correcting beam may
be deviated by a predetermined distance from each
other while the positions of both mirrors 36 and 39 are
kept constant. Furthermore, both of these methods may

" be used in combination. In short, it is necessary to keep

a predetermined difference of optical path lengths be-
tween the signal beam of the measuring beam and the
signal beam of the correcting beam.

Next, the laser gauge interferometer in accordance
with another embodiment of the present invention will
be explained with reference to FIG. 3. In this drawing,
like reference numerals are used to identify like constit-
uents as in FIG. 1. Reference numeral 1 denotes a laser
oscillator for oscillating linearly polarized beam and
B.S. § is means for dividing the laser beam to the mea-
suring beam and the correcting beam. The measuring
beam is led to the measuring beam 37 interferometer
and the correcting beam is led to the correcting beam
interferometer by mirrors 65 and 66. The correcting
beam interferometer consists of P.B.S. 11, the { wave-
length plates 9, 13 and the polarization plate 23 in the
same way as in the foregoing embodiment. The correct-
ing beam interferometer, too, consists of P.B.S. 60, the
1 wavelength plates 61, 62, reflection film 63 and the
polarization plate 64 in exactly the same way as in the
foregoing embodiment. In this embodiment the measur-
ing beam measures the displacement of the reflection
surface 68 of the rod mirror 53 fitted to the object of
measurement by use of the former interferometer as the
reference and the correcting beam measures the dis-
placement of the reflection surface 69 on the back of the
rod mirror 53 from the opposite side to the above by use
of the latter interferometer as the reference. The behav-
ior of the laser beam in each interferometer and the
outline of interference are exactly the same as in the
foregoing embodiment and their detailed explanation
will be omitted. The interference beam from the mea-
suring interferometer is processed by the optical path
difference measuring device 20 to obtain the output A
converted to the displacement x and the interference
beam from the correcting beam interferometer is pro-
cessed by the optical path difference measuring device
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21 to obtain the output B converted to the displacement
x. The output A, B containing the influences of the
change of the refractive index of air are further inputted
to the operational unit 22 with 1y, 12 and n and calcula-
tion for eliminating the change component of the refrac-
tive index is carried out to obtain the measurement
output X representing the displacement x free from the
influence of the change of the refractive index.

Each of these outputs will be described definitely. At
the origin of measurement (at the time of reset) or when
the displacement x of the rod mirror 53 is zero, the
distance between the reflecting surface 68 and the
lwavelength plate 9 and the distance between the re-
flecting surface 69 and the } wavelength plate 61 are
expressed by 1; and 13 respectively. Furthermore, the
refractive index of air is assumed to be uniform and n in
the regions of 11 and 2. Assuming that the rod mirror 53
undergoes displacement by x from this state and the
refractive index of air changes uniformly by Ax, then

the outputs A and B of the optical path difference mea- 20
suring devices 20 and 21 are given as follows, respec-
tively:
A={1+x)(n+An)—1in
—x(n+An)+ 1 An @
B=(l—x)(n+An)—n
= —x{n+An)+HAn @
30
From (4) and (5),
A+B=(l1+1)An
Therefore, 35
An=A+4B/1+b
On the other hand, from (4) and (5) similarly,
A—B=2X(n+An)—(I{—12)An ® 4

Accordingly,

@

(A= B) + (I — hAn
= 2(n + An)

When (6) is put into (7) and arranged in terms of x,

hA — 1B
YT 00 + h) + (4 + B)

Therefore, if 11, 1> and n at the time of reset are inputted
to the operational unit as the initial values, the calcula-
tion of equation (8) is made by inputting the outputs A,
B of the optical path difference measuring devices 20,
21. whenever necessary, and the solution x is outputted
as the output X, whenever necessary, this output X
provides the result of measurement of the stable dis-
placement x free from the change of the refractive index
An of air, that is, the influence of fluctuation of air.
Next, the laser gauge interferometer in accordance
with still another embodiment of the present invention
will be described with reference to FIG. 4. Like refer-
ence numerals are used to identify like constituents as in
the foregoing drawings. First of all, the overall con-
struction will be explained. Reference numeral 1 de-
notes the wavelength stabilization laser oscillator for
oscillating the linearly polarized beam is fed to polariza-
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tion plane preservation fiber 12 which guides the laser
beam to the interferometer 3 while keeping the polariza-
tion state. The interferometer 3, which undergoes dis-
placement on a base to the right and left relative to the
base, not shown, consists of B.S. 5 which has the polar-
ization plate 4 bonded thereto and whose one corner is
fabricated as an optically polished plane 52 parallel to
the split plane 51, P.B.S. 6 prepared by bonding the }
wavelength plate 7 having the reflection film 8 to the
polarization plate 23, and P.B.S. 11 prepared by bond-
ing the iwavelength plate 9 having the reflection film
10, the 3 wavelength plate 13 having the reflection film
12 and the 1 wavelength plate 14. Reference numerals
15 and 16 denotes mirrors which are connected to each
other by a support member 17 made of a material hav-
ing a small linear expansion coefficient such as superam-
ber and this support member 17 is fixed to the base (not
shown) described above. Reference numerals 18 and 19
denote multi-mode fibers. The multi-mode fiber 18
guides the interference beam between the signal beam
I, and the reference beam I to the optical path differ-
ence measuring device 20 and the multi-mode fiber 19
guides the interference beam between the signal beam

15 and the reference beam l4 to the optical path differ-

ence measuring device 21. The outputs of these optical
path difference measuring devices 20 and 21 are the
outputs A and B, respectively. Reference numeral 22
denotes an operational unit for processing these outputs,
and the output of the operational unit is the output X.
Next, the operation will be described. The linearly
polarized beam from the laser oscillator 1 is guided to
the interferometer 3 while its polarization state 1s kept as
such by the polarization plane preservation fiber 2. The
angle of this fiber is set so that the direction of polariza-
tion is at 45° to the sheet of drawing at the outlet of the
fiber 4. Accordingly, the polarization components other
than 45° are cut off on the polarization plate 4 having
the axis of transmission in the direction at 45° to the
sheet of drawing. The linearly polarized beam having
the plane of polarization in the direction at 45° to the
sheet of drawing and passing through the polarization
plate 4 is split on the split plane 51 of B.S. 5. Among
them, the beam that first passes through B.S. 5 is as such
reflected and the reflected beam is again reflected on
the optically polished surface 52. Then, they are inci-
dent to P.B.S. 6 in parallel with each other. Among
these incident beams to P.B.S. 6, the former measuring
beam is split into the linearly polarized beam Iihaving
the plane of polarization perpendicularly to the sheet of
drawing and the linearly polarized beam I having the
plane of polarization parallel to the sheet of drawing on
P.B.S. 6 and they become the measuring beams (I being
the signal beam of the measuring beam and I2 being the
reference beam of the measuring beam). Similarly, the
latter correcting beam is split to the linearly polarized
beam I3 having the plane of polarization perpendicular
to the sheet of drawing and the linearly polarized beam
I4 having the plane of polarization parallel to the sheet
of drawing and they become the correcting beams (13
being the signal beam of the correcting beam and I4
being the reference beam of the correcting beam).
Since this embodiment is a little more complicated
than the foregoing embodiments, the beams I; and I
will be explained first. The beam I; reflected by P.B.S.
6 is further reflected by P.B.S. 11, passes through the }
wavelength plate 14, is again reflected by the mirror 15,
then passes again the 3 wavelength plate 14 and returns
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to P.B.S. 11. Since the plane of polarization is turned by
90°, the beam thus going once to and from the { wave-
length plate passes and reaches } wavelength plate 9 this
time, is reflected by the reflection film 10 on its back
and reaches thrice P.B.S. 11. Furthermore, the beam
whose plane of polarization is turned by 90° is reflected
by P.B.S. 11, goes to and from the { wavelength plate
13 and reaches the polarization plate 23 through P.B.S.
11 and P.B.S. 6. On the other hand, the beam I, that has
first passes through P.B.S. 6 passes through the § wave-

length plate 7, is reflected by the reflection film 8 on its

back and returns to P.B.S. 6 by passing again through
the i wavelength plate 7. The beam whose plane of
polarization 1s rotated by 90° after going once to and
from the } wavelength plate is reflected this time by
P.B.S. 6 and reaches the polarization plate 23. These
beams I; and I; that overlap with each other when they
are incident to the polarization plate 23 do not interfere
with each other because their planes of polarization
cross each other orthogonally, but their common com-
ponents cause mutual interference on the polarization
plate 23 having the axis of transmission in the direction
at 45° to the sheet of sheet of drawing, and the intensity
of the interference beam changes sinusoidally in accor-
dance with the difference of the optlcal path lengths of
these beams. This interference beam is guided by the
multi-mode fiber 18 to the optical path difference mea-
suring device 20 and the change component of the dif-
ference of the optical path lengths of both beams I and
I» is obtained as the output A.

Next, the beams I3 and I4 will be described. The beam

I3 reflected by P.B.S. 6 is further reflected by P.B.S. 11,
goes once to and rom the mirrors 15 and 16, is reflected
by the reflection film 12 fitted to the back of the $ wave-
length plate 13 and reaches the polarization plate 23
through P.B.S. 11 and P.B.S. 6. On the other hand, after
transmitting through P.B.S. 6, the beam 14 is reflected
by the reflection film 8 on the back of the § wavelength
plate 7 and reaches the polarization plate 23 again
through P.B.S. 6. In the same way as described above,
the beams I35 and 14 interfere with each other on the
polarization plate 23 and this interference beam 1s
guided by the multi-mode fiber 19 to the optical path
difference measuring device 21 so that the change com-
ponent of the difference of the optical path lengths of
these beams I3 and 14 is outputted as the output B.

Subsequently, the optical path length of each of these
beams I; to I4 will be explained. It will be assumed
hereby that at the origin of the measurement (at the time
of reset) or when the displacement x of the interferome-
ter 3 is zero, the distance between the mirror 15 and the
1 wavelength plate 14 is 11, the distance between the 3
wavelength plate 9 and the mirror 16 is 1; and the refrac-
tive index of air is uniform and n in the regions of 1 and
I,. In the optical path inside each optical element of the
interferometer 3, no influence of the fluctuation of air is
exerted and its optical path length is stable. Therefore,
the following description will consider only the optical
path length which is affected by the fluctuation of air.

First of all, the optical path lengths of the beams I;
and I at the time of reset are as follows:
at the time of reset:

optical path length of I1=2lin

optical path length of I,=0
Therefore, the difference of the optical path length
between them is 21jn. Next, it will be assumed that the
interferometer undergoes displacement by x to the right
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10
from this state and in the interim, the refractive index of
air changes uniformly by An to (n+ An). Then,
after displacement x:
optical path length of I1=2(];
optical path length of I;=0
Therefore, the difference of their optical path lengths
becomes 2(1; +x)(n+ An), and the output A of the opti-
cal path difference measuring device 20 is as follows:

x)(n- An)

A=2(l +x}(n+An)—-2|n

®

On the other hand, the optical path length of each of
the beams I3 and I4 at the time of reset is as follows:
at the time of reset:

optical path length of I3=2(11+12)n

optical path length of 14=0
Therefore, the difference of the optical path lengths
between them at the time of reset is 2(1;+12)n. Next,
after the interferometer 3 undergoes displacement by x,
after diaplacement x: |

optical path length of DL=2(-+x)}n+An)+
2(12 —Xx)(n+4An)

optical path length of I4=0
Since the difference of their optical path lengths is
2(11 +x)(n+An)+2(1 —x)(n+ An), the output B of the
optical path difference measuring device 21 is given as
follows:

—=2x(n+ An)-+211An

B=2(I1+x)(n+An)+2(lr—x{ )(n4-An)—=2(y + 12n

=2({1+[2)An

When An=B/2(11+1;) obtained from equation (10) is
put into equation (9) and the equation is put in order,

B

d=2fn s B )
U T 20+ h) I+ I

When the equation above is solved for x,

(I + A — 1B
2n(ly + )y + B

O

A
——

Therefore, if 11, 1 and n at the time of reset are input-
ted to the operational unit 22 as the initial values, the
equation (11) is calculated by inputting the outputs A
and B of the optical path difference measuring devices
20 and 21 to the operational unit 22, whenever neces-
sary, and it solution x is outputted as the output x, when-
ever necessary, the output x is the result of measure-
ment of the stable displacement x which is not affected
by the change of refractive index An of air, that 1s, the

influence of the fluctuation of air.

Next, accuracy required for 11, 12 and n at the time of
reset that are used as the initial values will be examined.

First of all, if 11 has an error Aly, the measurement
error resulting from this error is given as follows:

(i + H + Alp4d — () + AQ)B
2n(lh + 5L + A)) + B

BAW(A — 2nb)
{2n(y + ) + B}*

(h + A — I|B
T~ 20+ L) + B

|

i

Here, since
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n=1B< <2n(lyj+ 1), B=2An{l; +13)

the following relation is established:

28nAh(A — 25)

Ax =
(/1 + 12)

Here, since 2(A +212) and (11 +1>) are in the same order,
if it will be assumed that at least

UA — 2b)

e 10
(hh + ) <

and An~ 10—9% when the temperature changes by 1° C.
on the optical path of 1 m of go-and-return, assuming
that

2(4 — 2h)

e e et ~ 10—6
T < 10, An = 1077,

then,
Ax~ 10X 10—%5A

In order to measure the measurement value x with an
error of 1 nm,

10x 10—6Al; < 10—°

Al <1074 (m)

Next, when 1 has an error Aly, the measurement error
resulting from this error is as follows:

Al + L + Al)y - LB
2n(ly + hH +~ Abh) 4+ B

BAl(A — 2nl)
{2n(ly + h) + B}*

Ay + ) — 1B
T 2n(lh + ) + B

U

This formula has the same form as Al; described
above and the allowance of Al is also Aly < 10—4 (m).
Finally, when n has an error on, the measurement

error resulting from this error 1s as follows:

(h + A — LB (h + lp4 — LB
2n{n + 6n)ly + b)Y + B~ 2n(hh + 1) + B

—28n(ly + R){(h + )4 — 11 B}

2(n + on)(l| + ) + BH2n(h + h) + B}

—2A4 . on

i
S

Therefore, in order for Ax to have accuracy of 1 nm
(10—9 m), n must have accuracy of as severe as 10—8to
10—9.

As described above, in this case, too, the error of n is
as such reflected on the measurement error of the dis-
placement x in the same way as in the first embodiment
and affects the absolute accuracy, but since repetition
accuracy in guaranteed, it provides a suitable effect 1n
the following embodiment.

The present invention will now be described in more
detail with reference to FIG. 5§, wherein the laser gauge
interferometer shown in FIG. 4 is used as a sensor for
locating an X-Y stage, and like reference numerals are
used to identify like constituents (however, with suf-
fixes A, B) as in the foregoing drawings. It is of course
possible to constitute such a stage system by use of the

10

12

laser gauge interferometer shown in FIGS. 1 and 3 and
the outline is also the same.

First of all, the overall construction will be explained.
Reference numeral 1 denotes a laser oscillator and 23
denotes a B.S. for splitting the laser beam to a locating
beam for locating an upper table 24 of an X-Y stage and
a locating beam for locating its lower table 25. Refer-
ence numerals 2A and 2B denote polarization plane
reservation fibers for guiding these beams to interferom-
eter 3A and 3B, respectively. The interferometer 3A i1s

. the one for locating the upper table 24 and is disposed
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on the upper table 24. Reference numerals 15A and 16A
represent reference mirrors for the interferometer 3A,
which are fixed to the lower table 25 through a support
member 17A. On the other hand, reference numeral 3B
denotes an interferometer for locating the lower table,
and its disposed on the lower table 25. Reference nu-
merals 15B and 16B denote reference mirrors for the
interferometer 3B and they are fixed to a base, on which
the stage is disposed, through a support member 17B.
Reference numerals 18A, 19A, 18B and 19B denote
multi-mode fibers for guiding the interference beams
and reference numerals 20A, 21A, 20B and 21B are
respective optical path difference measuring devices.
Reference numeral 22A represents an operational cir-
cuit for calculating the displacement of the upper table
24: 26A is a target value setter of the upper table 24;
27A is a comparator; 28A is an amplifier; and 29A 1s a

~ linear motor for driving the upper table 24. Reference

numerals 26B to 29B denote those components for the
lower table 25 which are the same as those of the upper
table.

Next, the operation will be explained. The linearly
polarized beam from the laser oscillator 1 is sphit to the
beam for locating the upper table 24 and the beam for
locating the lower table 25 by B.S. 23. The beam for
locating the upper table 24 is guided to the interferome-
ter 3A through the polarization plane preservation fiber
2A. The interferometer 3A has the same structure as
that of FIG. 4. In the same away as in the foregoing
description, the interferometer 3A moves with the
upper table 24 between the two mirrors 15A and 16A
fixed to the lower table 25 through the support member
17A, the interference beams 18A, 19A are converted to
the difference of the optical path lengths by the optical
path difference measuring devices 20A, 21A and the
displacement x is determined by the operational unit
22A. The displacement quantity thus determined 1s
compared with the output of the target value setter 26A
by the comparator 27A and the upper table 24 is sub-
jected to servo-control by the amplifier 28A and the
linear motor 29A so that the difference between them
becomes zero. .

Locating is also made for the lower table 25 by ex-
actly the same mechanism.

As described already, in order for the displacement x
to have the absolute accuracy of 10— m, the initial
value of the refractive index n at the time of reset must
be measured in the order of 10—38. One of such methods
measures the temperature, pressure and humidify of air
and determines n by a numerical formula but in order to
measure n in the order of 10—8, measurement must be
made at a temperature of 0.01° C., pressure of 0.025
mmHg (0.03 mb) and humidify of 0.2 mmHg. This is not
practical.

Therefore, n is determined by the following method
to calibrate the measuring apparatus. One example will
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be explained briefly with reference to FIG. 6. FIG. 6 1s
an explanatory view showing the mode of locating
practically a wafer by the X-Y stage system controlled
by the laser gauge interferometer of the present inven-
tion. The X-Y stage shown in FIG. § relies on the sys-
tem shown in FIG. 5 and like reference numerals are
used to identify like constituents. Since the laser gauge
interferometer and the driving mechanism of the stage
are shown in detail in FIG. 5, they are omitted from
FIG. 6. In this drawing, reference numeral 30 denotes a
reference wafer equipped with alignment marks 31A,
31B, etc. having a known reference step gap. Reference
numeral 32 denotes a scale-down projection optical
system and 34 denotes a mask equipped with alignment
marks 35. The scale-down projection optical system 32,
the mask 34 and an exposure light source (not shown)
for emitting exposure beam 33 are fixed and held on the
base, on which the stage is mounted, by a structure
called a “column”. Alignment of the wafer with the
scale-down projection optical system 32 is made when
the X-Y stage having the wafer mounted thereto
moves.

To calibrate the laser gauge interferometer for mea-
suring the upper table 24, for example, the upper table
24 is first located in such a manner as to align the align-
ment mark 31A with the alignment mark 35. Pattern
detection technique is generally employed for this align-
ment, whereby the mode of overlap of the alignment
marks 31A and 35 is observed by a television camera
and the alignment position is detected by image process-
ing. The laser gauge interferometer is reset at this in-
stant, and the value 1.0, for example, is put as the ap-
proximate value of the initial value of n. Next, align-
ment is made for the alignment mark 31B spaced apart
by a known distance x, (m step) by moving the upper
table 24. At this time the output A of the optical path
difference measuring device 20B of the laser gauge
interferometer is expected to exhibit a value which is
extremely approximate to x, but an error occurs be-
cause the initial value of n is set previously to the ap-
proximate value 1.0. Here, if the n value determined by
the following equation is again inputted as the correct
initial value, the scale of the laser gauge interferometer
comes to be calibrated by the alignment marks 31A and
31B of the reference wafer 30:

(h + )4 — )B — x,B
TETT T+ )

Thereafter a correct and stable measurement value
can be outputted by correcting every moment the
change of the refractive index n of air until the power
source is cut off or reset is made once again.

The laser gauge interferometer for measuring the
lower table 25 can be calibrated, too, by the similar
means.

According to the method described above, the wafer
can be located in the correct pitch irrespective of the
change of the refractive index of air and moreover, fine

oscillation due to the change of n does not occur at the 60

stop position. Furthermore, since reproducibility of
measurement is high, high superposition accuracy can
be obtained when a pattern is formed in a multi-layered
structure on the wafer and locating of the water can be
made in a satisfactory manner.

Since locating accuracy of the stage is high, the oper-
ation of chip alignment by pattern detection or the like
for each exposure step of IC, that has been necessary in
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the past, can be now be eliminated and global alignment
of aligning only once the mask and the wafer on an
average whenever the wafer is exchanged will suffice
the necessity so that throughput, too, can be improved
drastically.

In this embodiment, the following method can be
employed, too, without preparing particularly the refer-
ence wafer.

To form a multi-layered pattern on the wafer, the
initial value of n to be inputted as a constant to the laser
gauge interferometer is set, for example, to n=1.0 when
the first layer pattern is baked, and the first layer pattern
is thus baked. In practice, the initial value n of the re-
fractive index of air has an error to the value 1.0 set
tentatively, but the degree of error is at most above
3% 10—4, This is the error of 10—2 mm with respect to
an ordinary chip gap 15 mm and does not render any
problem in practice. As described already, this error
appears in the same way for all the chips and the chip
gap can be kept accurate. After the first layer is thus
baked, the alignment mark is put for each chip. There-
fore, high alignment accuracy can be obtained by cali-
brating the laser gauge interferometer to the alignment
mark of the first layer when the second layer and so
forth are baked.

Still another embodiment of the present invention
will be explained with reference to FIG. 7. This em-
bodiment has the structure closest to the prior art exam-
ple (Japanese Patent Laid-Open No. 263801/1985). Like
reference numerals are used to identify like constituents
as in the foregoing drawings, and the X-Y stage driving
mechanism and the column are omitted from the draw-
ing in the same way as in FIG. 6.

The laser beam from the laser oscillator 1 1s divided
by the beam splitter 23, consisting of a plurality of beam
splitters, into four beams, i.e., correction beam 37A and
measuring beam 38A for locating the upper table 24 and
the correcting beam 37B and measuring beam 38B for
locating the lower table 25. Among them, the correc-
tion beam 37A and measuring beam 38A are incident to
the interferometer 3A and the latter correcting beam
37B and measuring beam 38B are incident to the inter-
ferometer 3B. The interferometers 3A and 3B are fixed
to the base on which the X-Y stage consisting of the
upper table 24 and the lower table 25 is disposed.

The measuring beam 38A incident to the interferome-
ter 3A is split into the two beams I; and I> in the same
way as described above. The beam I, is projected to the
rod mirror 36A disposed on the upper table 24, is re-
flected by this mirror 36A, then returns to the interfer-
ometer 3A and interferes with the beam I in the same
way as described already. Receiving this interference
beam, the optical path difference measuring device 20A
generates an output (inclusive of the influence of the
change of the refractive index of air) representing the
displacement of the upper table 24.

The correcting beam 38A incident to the interferome-
ter 38A is likewise split into the two beams I3 and 1a.
The beam I3 is projected to the correcting beam refer-
ence mirror 39A fixed to the scale-down projection
optical system 32 fixed to the column, is reflected by
this mirror 39A and interferes with the beam I4. Receiv-
ing this interference beam, the output of the optical path
difference measuring device 21A generates the output
(inclusive of the influence of the change of the refrac-
tive index of air) representing the displacement of the
reference mirror 39A to the base. Since this reference
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mirror 39A is originally and practically unmovable to
the base, the output of the optical path difference mea-
suring apparatus 21A represents only the influence of
the change of the refractive index of air. (Therefore, the
position of disposition of the reference mirror 39A 1s not
limited to the position described above but may be dis-
posed at any position so long as it is fixed to the base.)
If the calculation for correcting the change of the
refractive index An of air is made by use of the outputs
of the optical path difference measuring devices 20A
and 21A by the operational unit, the result of measure-
ment of displacement of the upper table which is table
and free from the influence of the change of the refrac-
tive index of air can be obtained.
Incidentally, the actions of the correcting beam 37A
and measuring beam 38B for locating the lower table 25
are exactly the same as those for locating the upper
table 24.
In the gauge interferometer utilizing the laser inter-
ference, the present invention can correct the measure-
ment error of the displacement due to the change of the
refractive index of air and can provide a stable output
having high accuracy and high reproducibility at
whichever position the object of measurement is situ-
ated, in whichever way the refractive index of air 1s
distributed on the beam and even when the refractive
index changes non-uniformly.
While preferred embodiments along with variations
and modifications have been set forth for disclosing the
best mode and important details, further embodiments,
variations and modifications are contemplated accord-
ing to the broader aspects of the present invention, all as
set forth in the spirit and scope of the following claims.
What 1s claimed:
1. A laser gauge interferometer utilizing interference
of laser beams, said laser gauge interferometer appara-
tus comprising:
means for splitting a laser beam into two laser beams,
namely a correcting beam and a measuring bearn;

first interferometer means for generating a measure-
ment output representing the quantity of displace-
ment of an object of measurement by use of said
measuring beam passing through air independently
of said correcting beam,;

second interferometer means for generating, indepen-

dently of said measuring beam, a measurement
output affected by the change of refractive index of
air, different from the output of said first interfer-
ometer means and by use of said correcting beam
passing through air in proximity to said measuring
beam; and

operational means responsive to said measurement

outputs, a reference fixed signal representing a
reference refractive index of air and a reference
signal representative of a starting location for said
object, for outputting the result of measurement
representing the corrected quantity of displace-
ment of the object of measurement free from the
influence of change of the refractive index of air.

2. A laser gauge interferometer according to claim 1,
further including means fixing the optical path lengths
of both of said beams in air so that they vary according
to movement of the object of measurement relative to
said interferometer means.

3. A laser gauge interferometer according to claim 1,
wherein said first and second interferometer means are
separate from each other and respectively positioned on
opposite sides of said object of measurement.

10

15

20

25

30

35

45

50

33

65

16

4. A laser gauge interferometer according to claim 1,
wherein said interferometer means establishes separate
paths of travel of said measuring beam and said correct-
ing beam in air between said interferometer means and
the object of measurement such that said paths corre-
spondingly vary with movement of said object of the
measurement and differ from each other by a fixed
substantial length.

5. A laser gauge interferometer according to claim 1,
wherein said interferometer means has a solid/air inter-
face surface through which said measuring and correct-
ing beams radiate toward the object of measurement;
and

abutment surface means providing positive contact

between a surface of said interferometer means and
a fixed reference surface that is coplanar with said
solid/air interface surface and perpendicular to the
paths of said measuring and correcting beams.

6. A laser gauge interferometer according to claim 1,
further including motor means for moving the object of
measurement along the direction of said paths and pro-
viding a positional feedback signal; means comparing
said positional feedback signal with said object posi-
tional output signal and producing a correction signal
for energizing said motor means.

7. A method of determining positional information
using a laser gauge interferometer utilizing interference
of laser beams, said method comprising:

providing a plurality of alignment marks on an object

of measurement spaced apart a known accurate
distance from one another;
splitting a laser beam into two laser beams, namely a
correcting beam and a measuring beam;

generating a first interferometer measurement output
representing the positional information of one of
said alignment marks by use of said measuring
beam passing through air independently of said
correcting beam,;

generating independently of said measuring beam, a

second interferometer measurement output repre-
senting positional information of the one of said
alignment marks by use of said correcting beam
passing through air in proximity to said measuring
beam;

combining said measurement outputs and outputting

the result of measurement representing the cor-
rected quantity of position of the one alignment
mark free from the influence of change of the re-
fractive index of air;

comparing the difference between said results of mea-

surement and the known distance between the one
and second alignment marks for producing a refer-
ence refractive index of air for calibration of the
laser gauge interferometer;

storing said reference refractive index of air as a con-

stant;
repeating said steps of sphitting generating, combining
and outputting with respect to an object of mea-
surement without alignment marks, with said steps
of combining and outputting being responsive to
said stored fixed reference index or refractive index
of air to produce an object positional output signal;

moving the object of measurement along the direc-
tion of said paths and providing a positional feed-
back signal; and

comparing said positional feedback signal with said

object positional output signal and producing a
correction signal for controlling said moving.
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8. A laser interferometer, comprising:

interferometer means for splitting a laser beam into a
measuring beam and a correcting beam;

said laser interferometer means having a solid/air
interface surface for passing the measuring beam
between transmission in a solid within the interfer-
ometer means and transmission along a path pass-
ing through air between the interferometer means
and an object of measurement;

said interferometer means having a solid abutment
surface rigidly interconnected with the solid and
having a reference abutment surface point gener-
ally located adjacent to the point where the mea-
suring beam passes through said solid/air interface
surface; |

said surfaces being oriented such that a line drawn
through said points intersects the path through the
air at about 90 degrees;

a rigid mounting base having a rigid solid reference
face directly engaging said reference abutment
surface point of said interferometer means for posi-
tively preventing movement of said interferometer
means along the path in one direction toward said
base face and providing lost motion between said
interferometer means and said base in the opposite
direction; and

means biasing said interferometer means in said one
direction relative to said base for fixing one end of
the air path independently of thermal expansion of
said interferometer means.

9. The apparatus according to claim 8, wherein said

interferometer means emits the measuring beam

through said solid/air surface and receives the reflec-

tive measuring beam through said solid/air surface; and

said solid/air surface extends planar and perpendicu-
lar to the air path.

10. A laser gauge interferometer using interference of

laser beams, comprising:

means for splitting a laser beam into a correcting
beam and a separate measuring beam;

means for splitting each of said measuring beam and
said correcting beam into a reference beam and a
measurement beam;

means for passing each of said reference beams along
a reference optical path of fixed known length and
fixed optical properties;

means for passing each of said measurement beams
along a gas optical path of unknown measurement
length having optical-properties that change with
environmental characteristics, with the paths of
said measurement beams being at least adjacent
each other for generally subjecting them to the
same changing optical properties;

said interferometer means establishing an interference
pattern between said reference beam and said mea-
surement beam for each of said measuring beam
and correcting beam;

optical path measuring means for converting the in-
terference pattern for said measuring beam and or
said directing beam respectively, to produce mea-
suring and correcting output signals correlated to
the length of said gas optical path;

operational means for combining said measuring and
correcting output signals to thereby cancel mea-
surement errors due to changing optical properties
of said gas optical path and producing an object

positional output signal correlated to the length of
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said gas optical path that is independent of chang-
ing optical properties;

reflecting means for reflecting the measurement beam
of each of said measuring beam and said correcting
beam at the end of their respective gas optical paths
opposite from said interferometer means;

one of said reflecting means and interferometer means
being fixed relative to the object and the other of
said reflecting means and interferometer means
being fixed at a referefice position; and |

said reflecting means and interferometer means estab-
lishing closely adjacent parallel gas optical paths
for said measurement beams of each of said measur-
ing beam and correcting beam with said gas optical
paths having a fixed substantial difference in length
independent of the relative movement between
said object and said reference position.

11. The apparatus of claim 10, wherein said reflecting

means comprises two reflecting mirrors spaced apart
said fixed substantial distance for respectively reflecting
the measurement beams of said measuring beam and
correcting beam.

12. A laser gauge interferometer usmg interference of

laser beams, comprising:

means for splitting a laser beam into a correcting
beam and a separate measuring beam;

means for splitting each of said measuring beam and
said correcting beam into a reference beam and a
measurement beam;

means for passing each of said reference beams along
a reference optical path of fixed known length and
fixed optical properties;

means for passing each of said measurement beams
along a gas optical path of unknown measurement
length having optical-properties that change with
environmental characteristics, with the paths of
said measurement beams being at least adjacent
each other for generally subjecting them to the
same changing optical properties;

said interferometer means establishing an interference
pattern between said reference beam and said mea-
surement beam for each of said measuring beam
and correcting beam;

optical path measuring means for convertmg the in-
terference pattern for said measuring beam and for
said directing beam respectively, to produce mea-
suring and correcting output signals correlated to
the length of said gas optical path;

operatlonal means for combining said measuring and
correcting output signals to thereby cancel mea-
surement errors due to changing optical properties
of said gas optical path and producing an object
positional output signal correlated to the length of
said gas optical path that is independent of chang-
ing optical properties; and

said interferometer means comprises two separate
interferometer means respectively for said measur-
ing beam and said correcting beam for establishing
respective measurement beams generally coaxial
with each other and on opposite sides of the object
whose position is being measured.

13. The apparatus according to claim 12, further

including reflecting means for reflecting the measure-
ment beam of each of said measuring beam and said.
correcting beam at the end of their respective gas opti-
cal paths opposite from said interferometer means; and

one of said reflecting means and interferometer means
being fixed relative to the object and the other of
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said reflecting means and interferometer means
being fixed at a reference position.

14. The apparatus according to claim 13, wherein said
reflecting means includes two oppositely facing reflec-
tive surfaces rigidly interconnected and respectively 5
reflecting said measurement beams of said measuring
beam and correcting beam.

15. A laser gauge interferometer using interference of
laser beams, comprising: |

means for splitting a laser beam into a correcting

beam and a separate measuring beam;

means for splitting each of said measuring beam and

said correcting beam into a reference beam and a
measurement beam;

means for passing each of said reference beams along .

a reference optical path of fixed known length and
fixed optical properties;

means for passing each of said measurement beams

along a gas optical path of unknown measurement
length having optical-properties that change with
environmental characteristics, with the paths of
said measurement beams being at least adjacent
each other for generally subjecting them to the
same changing optical properties;

said interferometer means establishing an interference

pattern between said reference beam and said mea- 2
surement beam for each of said measuring beam
and correcting beam;

optical path measuring means for converting the in-

terference pattern for said measuring beam and for
said directing beam respectively, to produce mea- 30
suring and correcting output signals correlated to
the length of said gas optical path;

operational means for combining said measuring and

correction output signals to thereby cancel mea-
surement errors due to changing optical properties 35
of said gas optical path and producing an object
positional output signal correlated to the length of
said gas optical path that is independent of chang-
ing optical properties; and

said operational means including means providing a 49

reference refraction index value for the optical
material of said gas optical path and providing a
reference position value for an initial position for
said object, and combining said reference position
value and said reference refraction index value ,s
with said outputs of said optical path measuring
means for producing an output signal correlated to
the coordinate position of the object.

16. The apparatus according to claim 15, further
including reflecting means for reflecting the measure-
ment beam of each of said measuring beam and said
correcting beam at the end of their respective gas opti-
cal paths opposite from said interferometer means; and

one of said reflecting means and interferometer means

being fixed relative to the object of the other of said
reflecting means and interferometer means being >
fixed at a reference position.
17. A laser gauge interferometer using interference of
laser beans, comprising:
means for splitting a laser beam into a correcting
beam and a separate measuring beam; 60

means for splitting each of said measuring beam and
said correcting beam into a reference beam and a
measurement beam;

means for passing each of said reference beams along

a reference optical path of fixed known length and 65
fixed optical properties;

means for passing each of said measurement beams

along a gas optical path of unknown measurement
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length having optical-properties that change with
environment characteristics, with the paths of said
measurement beams being at least adjacent each
other for generally subjecting them to the same
changing optical properties;

said interferometer means establishing an interference
pattern between said reference beam and said mea-
surement beam for each of said measuring beam
and correcting beam;

optical path measuring means for converting the in-
terference pattern for said measuring beam and for
said directing beam respectively, to produce mea-
suring and correcting output signals correlated to
the length of said gas optical path;

operational means for combining said measuring and
correcting output signals to thereby cancel mea-
surement errors due to changing optical properties
of said gas optical path and producing an object
positional output signal correlated to the length of
said gas optical path that is independent of chang-
ing optical properties; |

motor means for moving the object of measurement
along the direction of said paths and providing a
positional feedback signal; and

means comparing said positional feedback signal with
said object positional output signal and producing a
correction signal for energizing said motor means.

18. A laser gauge interferometer using interference of

laser beams, comprising:

means for splitting a laser beam into a correcting
beam and a separate measuring beam;

means for splitting each of said measuring beam and
said correcting beam into a reference beam and a
measurement beam;

means for passing each of said reference beams along
a gas optical path of fixed known length and fixed
optical properties;

means for passing each of said mesurement along a
gas optical path of unknown measurement length
having optical-properties that change with envi-
ronmental characteristics, with the paths of said
measurement beams being at least adjacent each
other for generally subjecting them to the same
changing optical properties;

said interferometer means establishing an interference
pattern between said reference beam and said mea-
surement beam for each of said measuring beam
and correcting beam;

optical path measuring means for converting the in-
terference pattern for said measuring beam and for
said directing beam respectively, to produce mea-
suring and correcting output signals correlated to
the length of said gas optical path;

operational means for combining said measuring and
correcting output signals to thereby cancel mea-
surement errors due to changing optical properties
of said gas optical path and producing an object
positional output signal correlated to the length of
said gas optical path that is independent of chang-
ing optical properties;

said interferometer means having a solid/air interface
surface through which said measuring and correct-
ing beams radiate toward the object of measure-
ment; and

abutment surface means providing positive contact
between a surface of said interferometer means and
a fixed reference surface that is coplanar with said
solid/air interface surface and perpendicular to the

paths of said measuring and correcting means.
»* ¥ x ® ®



	Front Page
	Drawings
	Specification
	Claims

